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Epidemiological studies examining the association between exposure to tap water contaminants
(such as chlorination by-products) and disease outcomes (such as cancer and adverse reproduc-
tiveoutcomes) have been limitedbyinaccurate exposure assessment. Failure to take into account
the variation in beverage and tap water consumption and exposure to volatile contaminants
through inhalation and dermalabsorption can introducemisclsification inassessingthe associ-
ation between exposure to tap water contaminants and health. To refine exposure assessment of
tap water contaminants, we describe in detail the tap water consumption, showering, and
bathing habits ofpregnat w'omen and their male partners as aessed by a questionnaire and a
3-daywater diary. We found good agreement between questionr and 3-dywater diaryval-
ues fordrinking water intake (Peaons r= 0.78) and for time spent showering (r = 0.68) and
bathing (r= 0.78). Halfoftheparicipants consumed tapwateron aregularbasiswithanoverall
mean * 1 standarddeviation (SD) of0.78 d 0.51 /day. Ourresultsfiuthersuggest thatful-time
employees, compared towomenworking part-time or less, have more heterogeneous consump-
tion patterns over time. Seventy-nine percent ofwomen and 94% ofmen took showers for an
average of11.6 ± 4.0 min and 10.4 ± 4.8 mm, respectively. Badts weretaken morefrequendyby
women than men (21% vs. 3%) for an average of22.9 ± 10.1 min and 21.3 ± 12.4 mi, respec-
tively. Thus, these patterns oftap water use should be considered in the design and interpreta-
tion ofenvironmental epidemiologystudies. Aiywords bathing, chlorination by-products, chlo-
roform, exposure assessment, pregnat women, tap water, tap water consumption, showering,
trihalomethanes. EnvironHeathPerpect 106:55-59 (1998). [Online 15January1998]
bttpq://enpnatl.niehs.nih.govldocs/1998J106p55-59shimokura/abstract.hsml
The main methodological difficulty with
epidemiological studies that examine the
association between tap water contami-
nants, including chemical and microbial
agents, and disease outcomes lies in accurate
assessment of individual exposure to tap
water. Often, exposure to tap water is classi-
fied by the source ofwater (i.e., ground or
surface supply), the type ofwater treatment,
the concentration ofthe tap water contami-
nant at the water utility serving the partici-
pant's residence, or some combination of
the three. Broad exposure definitions,
which do not take into account intra- and
interindividual sources ofvariation either in
tap water concentrations of the contami-
nant or in individual tap water consump-
tion, can introduce exposure misclassifica-
tion and thereby distort associations
between tap water exposure and adverse
health outcomes (1). In addition, recent
studies have shown that exposure to volatile
tap water contaminants through inhalation
or dermal absorption may be equal to or
greater than exposure through ingestion (2).
Thus, the assessment ofshowering, bathing,
and swimming habits can be important
when evaluating tap water exposure.
This report provides information for
developing exposure assessment methods
for epidemiologic studies of adverse health
effects associated with tap water exposure.
We describe in detail the tap water con-
sumption, showering, and bathing habits
of pregnant women and their male part-
ners as assessed by a questionnaire and a 3-
day water diary. We also consider a range
of possibly important behaviors that may
affect tap water exposure, such as location
of tap water consumption, frequency of
showers, and duration ofbaths. We exam-
ine the pattern of variation in tap water
consumption over time and across individ-
uals and compare the questionnaire data
with the water diary data to evaluate the
consistency between methods of data col-
lection.
Materials and Methods
Subject selection. From October 1994 to
January 1995, potentiallyeligible participants
were identified by reviewing the medical
records of the Obstetrics and Gynecology
Clinic of the University ofNorth Carolina
Hospitals, Chapel Hill, North Carolina.
Initially, the study was restricted to women
who were no more than 14 weeks pregnant
at the time ofmedical record review, had at
least 10 years ofschooling, lived with their
male partners, and resided within the service
area of the local water utility (the Orange
Water and Sewer Authority). To obtain a
sufficient number ofparticipants, the inclu-
sion criteria were expanded in December
1994 to include women who were up to 30
weeks pregnant and who lived outside the
aforementionedservicearea.
Participants were initially contacted by
mail; if they did not refuse to participate at
that time, the interviewer called to recruit
them for the study and arrange a time for a
home interview. Both the woman and her
partner were asked to participate. Out of79
couples initially identified during the med-
ical record review, 71 (90%) actually met the
eligibility criteria. Of these, 19 declined by
mail (27%), 16 declined by phone (23%),
and 36 were interviewed (51% ofthose eligi-
ble). Informed consentwas obtained from all
interviewed participants. Ofthose 36 couples
who were interviewed, 33 couples and one
woman (but not her partner) completed the
3-day water diary. Only those who complet-
ed both the interview and water diary were
included in the analysis.
Interview and water diary. During the
interview, participants provided information
about daily water consumption and weekly
consumption of cold water-based beverages
that had been prepared in the home during
the previous 3 months. Questions were asked
about how long beverages were typically
stored and whether the storage container was
open or dosed. We distinguished amongbev-
erages thatwere made from filtered tap water,
unfiltered tap water, and bottled water.
Filtered tap water was defined as tap water
that had been filtered using an activated car-
bon point-of-use device. The interviewer also
gathered information about the frequency
and duration of baths and/or showers. The
level of ventilation while bathing was
addressed by asking the participants about
whether they usuallykept the bathroom door
open orclosed, bathroom window(s) open or
closed, and theventilation fan on or offwhile
bathing. Thefrequency and duration ofother
water-related activities such as swimming
(includingwater aerobics and use ofjacuzzis);
bathing children or pets; washing dishes,
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dothes, orcarsbyhand; moppingfloors; and
frequent handwashingwerealsoascertained.
At the time ofthe interview, participants
were instructed on how to complete the
prospective water diary. For each day ofthe
study, participantswereasked to record every
beverage they consumed, its volume and
temperature (coldorhot),whereandwhen it
was consumed, and whether it was prepared
with tap or bottled water. Unfortunately, fil-
tered tap water was not an option listed on
the diary record form. Foreight participants,
the type ofwater question was inadvertendy
omitted altogether. Frequency and duration
ofexposure to tap water via showering and
bathing, swimming, bathing children, wash-
ing dishes or dothes by hand, or by some
other activitywere also recorded. The partic-
ipants were allowed to choose which 3 days
they recorded in their water diary, although
they were asked to commit to the days
agreed upon duringthe interview. Theywere
instructed to choose at least one nonworking
orweekend dayand to complete the diary at
a time when they were in town and healthy.
Eighty-two percent ofhouseholds completed
the water diary within 1 week from the date
ofinterview.
With the exception of the comparison
between water diary records and interview
data, missing information (320 incomplete
diary entries from 35 participants) was
imputed to avoid exduding the entire diary
ofthat participant from the other analyses.
Where possible, the missing information was
imputed from the interview since similar
questions were asked in both the interview
and the diary. Otherwise, similar assump-
tions as those by Ershow and Cantor (3)
were made: milk, juices (except reconstituted
frozen fruit juices), alcoholic beverages, and
soft drinks were assumed to be made from
botded water; water, powdered drinks, cof-
fee, and tea were assumed to be made from
unfiltered tap water (3). Information on
selected missing beverage volumes and loca-
tions (comprising 0.3% of all beverage
entries) was imputed usinginformation from
adjacent diary record entries. Where bever-
age temperature was missing, beverages were
assumed to becold, exceptforcoffeeand tea,
which were assumed to be hot. All iced tea
beverages were considered to be hot bever-
ages because it was assumed that they were
heated during preparation, although no dif-
ferentiation was made between instant and
brewed tea.
Statsitical methods. For each day ofthe
waterdiary, the total volume of1) all bever-
ages (hereafter referred to as total water), 2)
drinkingwater and beverages madewith tap
water (hereafter referred to as tap water),
and 3) cold drinking water and tap water
beverages consumed at home (hereafter
referred to as cold tap water consumed at
home) were calculated and averaged over
the participant's 3 days of water records.
Consumption of each beverage type for
female and male participants was summa-
rized by calculating the mean and standard
deviation (SD), along with selected per-
centiles, of the overall distribution. For
female participants, the distribution ofdaily
intake ofcold tap water consumed at home
was also stratified by employment status.
Male participants were not stratified by
employment status because nearlyall (85%)
male participants wereemployed full time.
Because location ofconsumption (home
or other location), temperature ofbeverage,
and type ofcold beverage (drinkingwater or
tap water-based beverage) are potentially
important determinants of tap water expo-
sure, tap water consumption was stratified
by these factors. Means of total water, tap
water, and cold tap waterconsumption were
compared across sex and employment status
(full time, not full time) using analysis of
variance. Of those female participants who
consumed tap water athome, the percentage
of participants who stored any tap water
beverage, the average number ofdays stored
for each beverage type, and the percentage
ofcontainers that were dosed were analyzed
separately for drinking water and tap water-
based beverages.
The frequency and duration of showers
and baths were determined, as well as the
frequency ofnonventilated showers in win-
ter and summer. A nonventilated shower
was defined as ashowerwhere the bathroom
door and window (ifpresent) were closed
andtheventilation fan (ifpresent) was off.
The pattern ofvariation over time (i.e.,
from one day to the next) and across indi-
viduals was examined using the 3-day diary
information on daily consumption ofunfil-
tered cold drinking water (iced tea exclud-
ed). By employing a one-way random-
effects analysis of variance model, these
(natural log-transformed) data were used to
estimate the between-person and within-
person components of variance (because
some participants reported no daily con-
sumption ofdrinkingwater, 1 was added to
each value before logarithms were comput-
ed). Variance components were estimated
separately for male and female participants
and for female participants employed full
time or employed part-time or less. The
intraclass correlation coefficient (ICC),
defined as the percent oftotal variance due
to the between-person variance component,
was estimated as well. Because ofthe inher-
ent bias of this formula, the results using
this formula were confirmed using an unbi-
ased but more intricate ICC formula (4).
To compare the questionnaire data with
the water diary data (3-day averages),
Pearson's and Spearman's correlation coeffi-
cients were computed. Comparisons were
also made by evaluating the mean difference
between values obtained from the two data
collection methods. Differences were deter-
mined for each participant first and then the
average and 95% confidence interval (CI) of
all the differences for the study population
were calculated (5). We compared three val-
ues, one for each route ofexposure: volume
of drinking water consumed per day at
home (tap water-based beverages were
exduded because volume estimates from the
interview data were not obtained), the total
number of minutes spent showering per
day, and the total number ofminutes spent
bathing per day. All analyses were conduct-
ed using the Statistical Analysis System ver-
sion 6.10 (SAS Institute, Cary, NC).
Results
Participant characteristics. Thirty-four
pregnant women and 33 oftheir male part-
ners completed both the water diary and
the interview. Overall, they tended to be
highly educated nonsmokers in their twen-
ties or thirties and having their first child
(Table 1). Three-fourths ofthe participants
were white, with the remainder split evenly
between African-American and Asian eth-
nicities. Although the women's gestational
ages ranged from 12 to 37 weeks, most
(59%) were in their second trimester of
pregnancy. Men were much more likely to
be employed than women, though they
were equally likely to be students. About
halfofthe participants consumed tap water
at home on a regularbasis, and the majority
(82%) was served bytreatedwatersupplies.
Daily waterconsumption. Consumption
oftotal water, tap water, and cold tap water
at home (Table 2) as reported by the ques-
tionnaire indicates that participants con-
sumed on average close to the National
Academy of Sciences' standard assumed
intake of2 liters water/day (6), but less than
20% was cold tap water at home. Overall,
men and pregnantwomen had similarwater
consumption habits, andonlycoldtapwater
consumption at home differed by employ-
ment status.
Table 3 shows mean daily tap water
consumption by location, temperature, and
beverage type (drinking water or tap water-
based beverage) as reported bythe question-
naire. Women employed part-time or less
consumed the most tap water overall, but
total consumption levels among sex and
employment groups did not vary signifi-
cantly (p>0.10). Women employed part-
time or less averaged the most tap water
consumption at home (due to consuming
more drinking water), whereas outside the
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Table 1. Selected lifestyle, physical, and demograph-
ic characteristics ofstudyparticipants
Demographic Female Male
variable (n= 34) (n=33)a
Education (%)
Some college 15 _b
College graduate 24 _b
Some graduate/professional 62 _b
Smoking during pregnancy (%)
Yes 0 9
No 100 91
Number of children at home (%)
0 67 67
1+ 33 33
Age distribution (%)
20-29 41 33
30-39 59 58
40-47 0 9
Ethnicity (%)
White 76 74
Other 24 26
Gestational age (%)
Firsttrimester 6 -
Second trimester 59
Third trimester 35 -
Working full time (%)
Yes 53 85
No 47 15
Student (%)
Yes 26 27
No 74 73
Principal type ofwater
consumed at home (%)C
No water consumption 9 21
Tap water 53 49
Bottled water 24 9
Filtered water 15 21
Source of household water (%)
Municipal watersupply 82 82
Well or spring water 18 18
&One male did notcomplete the water diary.
bPaternal educational level was notobtained.
CAs reported in the interview.
home, men consumed the most tap water
(due to consuming more hot tap water).
Differences in consumption patterns by sex
were less pronounced relative to differences
in consumption by extent of employment
(full time vs. not full time), suggesting that
employment status is a stronger determi-
nant of tap water consumption patterns
than sex.
Slightly over half (53%) of the women
drank tap water at home. Of those, 28%
stored the water for an average interval (± 1
SD) of 1.4 ± 0.8 days. In contrast, ofwomen
who consumed at least one tap water-based
beverage (59%; n = 20), all stored the bever-
age an average interval (± 1 SD) of5.1 ± 3.1
days. Most (89%) beverage containers were
dosed duringstorage.
The large proportion of total variance
due to between-person variance in women
working part-time or less (ICC = 0.81, with
Table2. Summary of participants' dailywater intake (liters)
Percentile distribution
Number Mean ± SD 10 25 50 75 90
Daily intake oftotal water
Women 34 1.86 ± 0.73 1.17 1.45 1.75 2.08 2.33
Men 33 1.68 ± 0.70 0.70 1.34 1.59 2.08 2.39
Daily intake oftapwater,
Women 34 0.78 ± 0.51 0.20 0.43 0.62 1.12 1.39
Men 33 0.78± 0.51 0.25 0.34 0.81 1.10 1.23
Daily intake of cold tap water athomeb
All women 34 0.37 ± 0.40 0 0.02 0.26 0.55 0.97
Employed fulltime 18 0.28 ± 0.30 0 0.04 0.15 0.53 0.60
Employed part-time 16 0.47 ± 0.48 0 0.01 0.42 0.73 1.04
or less
All men 33 0.29 ± 0.35 0 0 0.15 0.51 0.69
'Filtered tap waterexcluded.
bFiftered tap water and iced tea excluded.
Table3. Average dailytapwater consumption (liters) by location,temperature and beverage type
Women
employed Women employed
All women full time part-time or less All men
(n=34) (n= 18) (n= 16) (n=33)
Consumption at home
Cold drinking water 0.25 0.18 0.34 0.19
Cold tapwater-based beverages 0.11 0.10 0.13 0.10
Total home consumption of coldtapwater 0.37 0.28 0.47 0.29
Hottapwater 0.15 0.11 0.20 0.14
Total home consumption oftap water 0.52 0.38 0.67 0.43
Consumption outsidethe home
Cold drinking water 0.15 0.18 0.11 0.16
Cold tap water-based beverages 0.04 0.06 0.02 0.03
Total cold tap water consumed outsidethe home 0.19 0.23 0.14 0.18
Hottap water 0.08 0.12 0.02 0.17
Total consumption outside the home 0.26 0.36 0.16 0.35
Total coldtap water 0.56 0.51 0.61 0.47
Total hottapwater 0.23 0.23 0.22 0.31
Total tap water consumption 0.78 0.74 0.83 0.78
a total variance of8.75) suggests that almost
all the variability in unfiltered cold tap water
consumption habits is due to individual dif-
ferences, with very little day-to-day variabili-
ty. On the other hand, full-time employed
women and men had much lower between-
person variance (ICC = 0.42,with a total vari-
ance of7.38, and ICC = 0.49, with total vari-
ance of8.80, respectively), indicating greater
heterogeneity in consumption patterns over
time, possibly between workdays and non-
workdays. Overall, among all women, 61%
oftotal variance was due to between-person
variance (CC = 0.61, with a total variance of
7.83). A comparison of results between the
applied ICC formula with a second unbiased
formularesulted innegligibledifferences.
Showering, bathing, and other water-
related activities. Nearly all participants
reported showering (90%); ofthose, all but
nine showered at least daily for an average of
about 10 min, with women tending to show-
erlongerthan men (Table4). More men than
women showered, and more showers were
ventilated in summerthan in winter. Women
took more baths than men; of those who
reported bathing (22%, n = 15), almost half
reported daily bathing. Baths lasted on aver-
age twiceaslongasshowers.
Swimming was reported for only five
(7.5%) ofthe study participants during the
interview; of those, only one reported
swimming in her water diary. However,
because this study was conducted in the
winter, assessments made at other times of
the year are likely to yield very different
results. The discrepancy between the ques-
tionnaire and the water diary may be due
to the fact that swimming is not a daily
activity and therefore may not have been
well represented during the 3 days of the
water diary. The other water-related activi-
ties were too diverse to be evaluated, but
washing dishes was the most commonly
reported activity, while occupational expo-
sures such as watering gardens and milking
cows were the most time intensive.
Questionnaire and diary assessment
methods. The questionnaire and the diary
showed good agreement, especially for
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Table 4. Showering and bathing habits according to
interview
Female Male
(n=34) (n=33)
Participantswho shower 79 94
atleastdaily(%)
Average duration ofshower 11.6 ±4.0 10.4 ±4.8
± SD(min)
Distribution ofshower
duration (%)
5-9min 17.9 37.5
10min 35.7 37.5
11-30 min 46.4 25.0
Ventilated showers(%)
During winterseason 43 56
During summerseason 61 75
Participantswho bathe 18 3
atleastdaily(%)
Participantswho bathe 21 3
occasionally(%)
Average duration of 22.9 ± 10.18 21.3 ± 12.4
bath ±SD (min)
Distributon ofbath duration.
8-19min 41.7 50
20 min 16.7 0
21-0 min 41.7 50
SD, standard deviation.
8One value missing.
drinking water intake (Table 5). The
Pearson's and Spearman's correlation coeffi-
cients ranged from 0.52 to 0.78, which are
fairly large for exposures assessed in epi-
demiologic studies (7) but they do indicate
some discrepancies between data collection
methods. On average, greater beverage con-
sumption and shower duration values, but
smaller bathing duration values, were
obtained from the interview relative to the
diary. However, in each case, the difference
between the two estimates was small.
Discussion
Qestionnaire anddiary assessment methods.
In this study we applied two data collection
tools: the questionnaire, intended to report
exposures averaged over time, and the
prospective water diary, designed to reflect
current day-to-day exposure. Questionnaires
suffer from potential errors in recall and the
inability to report finelydetailed information.
The quality of data gathered from diary
methodsdependson theextent towhicheach
participant is willing to measure and record
current habits and the representativeness of
thedaysforwhich thediaryiscompleted (8).
Conducting an interview is logistically
preferable to completing diaries because data
collection is less burdensome and provides
data on exposures averaged over time. As
demonstrated in this study, the interview
provided essentially the same information as
the prospective water diary. Overall mean
differences between assessment methods for
Table 5. Comparison of interview-based questionnaire data with diary results
Drinking water Time spent Time spent
intake at home showering bathing
(liters/day) (min/day) (min/day)
Number of participants 42a 68b 60b
Mean value (questionnaire) 0.75 10.5 2.1
Mean value (diary) 0.40 9.8 3.3
Pearson's correlation coefficientc 0.78 0.68 0.78
Spearman's correlation coefficientc 0.75 0.63 0.52
Mean difference between questionnaire
and diaryvaluesd(Cl) 0.35 (0.21-0.48) 0.7 (-0.62.0) -1.2(-2.4-0.0)
Cl,95% confidence interval.
'rwenty-five participants were not included in this analysis because theywere not asked aboutthe volume oftheirwater glasses.
bSeven participants had missing values.
cAnalyses compared individual results obtained from the frequency questionnaire to 3-day averages computed from diary entries.
dDifferences were first computed for each participant and then averaged overthe study population.
consumption ofdrinking water (0.35 1/day),
showering (0.7 min/day), and bathing (1.2
min/day) are negligible, and the interview
and mean diary record intakes correlate rea-
sonably well. While the 3-day water diary is
not necessarily the gold standard, it appears
that individuals have the ability to estimate
with a fair amount of precision their own
true mean values for water intake and for
time spent onwater-related activities, at least
over relatively short periods in the recent
past. However, the frequency questionnaire
may not perform as well ifused to estimate
consumption patterns from a more tempo-
rally remote time period.
Other limitations ofour data for assess-
ing the reliability between diary and ques-
tionnaire records were that the questionnaire
focused only on home consumption ofcold
tap water and that the respondents averaged
intake levels over working and nonworking
days, when consumption habits are expected
to differ. Furthermore, the diary did not
provide enough information to evaluate
effects of weekday or consecutive days.
Finally, no direct validation ofreported bev-
erage volume, water type, or shower or
bathing duration was done for either data
collection method.
Our study sample came from an educat-
ed and health-conscious population because
only women who received prenatal care,
who had at least a high-school education,
and who volunteered to participate were
included in the study. Their water con-
sumption habits differ from thegeneral pop-
ulation because they can probably afford
alternatives to tap water and may tend to
switch from tap water to bottled or filtered
water in order to protect their fetus' health.
The percentage ofindividuals who reported
bottled or filtered water as the principal type
ofwater consumed at home was higher for
women (39%) than for men (30%). Our
results are somewhat higher than another
study, which reported that 17% ofhealthy
postpartum women consumed mainly bot-
tled water during the first 3 months oftheir
pregnancy (9). On the other hand, an
advantage ofthis educated convenience sam-
ple is that they should be more compliant
about completing and returning the water
diary than a random sample of the general
population would be. Consequently, data
quality and correlations between the diary
and questionnaire may be less favorable in
otherpopulations.
Daily water consumption. The distrib-
ution of daily consumption of total water,
tap water, and cold tap water consumed at
home is relevant to a wide range ofhealth
concerns with drinking water, including
waterborne exposure to agents such as fluo-
ride, arsenic, toxic metals, and pesticides,
and microbial pathogens such as hepatitis
A, cryptosporidia, and Norwalk virus. It is
also useful for developing a standard intake
distribution so that an individual's water
intake level can be compared to others of
the same sex and age (3).
On average, we found that pregnant
women and their male partners had similar
water consumption intake and that more
cold than hot beverages were consumed.
Although minor differences in consumption
by sex were noted, bigger differences were
observed by extentofemployment (full time
vs. not full time). These data indicate that
employment status had a greater influence
than sex in shaping individual water con-
sumption habits. It may be that sex was
largely a surrogate for working status in
another study in which all the men and
none ofthe women were employed outside
the home (JO).
Although the majority (67%) of all tap
water beverages consumed by pregnant
women was consumed athome, asignificant
amount (33%) was consumed either at
work, a restaurant, or at a friend's or rela-
tive's house. Therefore, exposure assessment
studies that only take into account water
consumption at home or that only take into
account levels of tap water contaminants at
the residences ofstudyparticipants would be
disregarding approximately one-third of
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their participants' total exposure due to tap
water consumption.
To our knowledge, the only other study
oftap water and total water consumption in
pregnant women relied on data from the
U.S. Department ofAgriculture's 1977-
1978 Nationwide Food Consumption
Survey (11). While our results are slightly
higher for total water consumption (1.9
I/day vs. 1.6 I/day), we observed lower tap
water intake levels than those reported previ-
ously (0.78 I/day vs. 1.1 I/day). The small
sample size in our study makes it difficult to
make any definitive statements; however,
this difference may reflect a decline in tap
water consumption because the current U.S.
population is drinking more bottled and
cannedbeverages than everbefore (12).
A substantial proportion ofthe variation
in consumption levels was due to differences
between individuals for women working
part-time orless (ICC = 0.81), but less so for
full-time employed women (ICC = 0.42)
and men (ICC = 0.49). These findings sug-
gest that use ofa standard water intake level
in studies evaluating health effects associated
with drinkingwater contaminants would not
be appropriate because it would likely result
in attenuated exposure-response relation-
ships and substantial exposure misdassifica-
tion. These results also indicate that data col-
lection methods for tap water exposure
should employ repeated measures over time.
Such measures oftap water exposures could
be obtained through multiple records of
daily water intake or by one-time question-
naires that collect information on tap water
exposures integrated over time by the
respondent. Similarly, although not thefocus
of this study, the sources of variation in
waterborne contaminant levels would also
have to be considered when assessing expo-
sure to drinkingwatercontaminants.
Assessmentofbehavioralindicatorsoftap
water exposure. For assessing total exposure
to tap water, it is not appropriate to combine
all tap water exposures into one summary
estimate because each type oftap waterexpo-
sure represents a slighdy different combina-
tion of inhalation, ingestion, and dermal
absorption and likely targets different organs
(X). We were not able to relate behaviors to
biological measures of exposure, so we are
unable to directly address contributions from
different sources.
Temperature and storage time can affect
the type oftap water exposure, especially for
volatile tap water contaminants such as tri-
halomethanes (THMs). For instance, cold
drinking water tends to have the highest
concentration ofTHMs because it is usually
consumed straight from the tap, and ifit is
stored, it is stored briefly (average of 1.4
days). Relative to initial tap water levels, hot
beverages will have lower THM levels
because ofvolatilization by heating as will
cold beverages stored for extended periods
in open containers. We found that all cold
beverages prepared at home with tap water
were stored for at least 1 day, and mostwere
stored for longer periods (average of 5.1
days) before consumption, thereby permit-
ting equilibrium between the air and water.
However, because most of the storage con-
tainers wereclosed (which limits the amount
of THM that escapes into the household
air), such beverages would still represent a
potential source of THM exposure (P.
Singer, personal communication). Non-
volatile chlorination by-products and other
water contaminants would, of course,
remain in the water and be ingested regard-
less oftemperature or storage conditions.
Showering and bathing have been found
to be significant sources ofTHM exposure
(2) although the importance of these expo-
sure routes to other water contaminants are
not well defined. We found that most peo-
ple take showers daily and that their showers
last an average (± 1 SD) of 10 ± 5 min, so
that dermal and inhalation exposure from
this activity is substantial on a population
level. Although bathing is not adailyactivity
for the general population, it can represent a
significant source of exposure among per-
sons who bathe regularly. Because nearly
one-fifth ofthe women in our study bathed
at least daily and an additional 21% bathed
occasionally, exposure through this activity
should not be ignored, particularly among
pregnantwomen.
Conclusion
Studies of the potential health problems
associated with tap water have been limited
by crude estimates of tap water exposure.
The incorporation of a comprehensive
assessment of behaviors related to con-
sumption and other uses ofwater, coupled
with improved estimates of levels of tap
water contaminants in drinking water,
should enhance our ability to evaluate asso-
ciations between water contaminants and
the potential for associated health risks.
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